Objective. Colorectal cancer (CRC) screening rates remain lower among some racial/ethnic groups and individuals with low income or educational attainment who are often cared for within community health centers (CHCs). We surveyed clinicians in a network of CHCs to understand their attitudes, practice patterns, and perceived barriers to CRC screening.
Introduction
The United States Preventive Services Task Force (USPSTF) recommends that average-risk adults age 50-75 be screened for colorectal cancer (CRC) using annual fecal occult blood testing (FOBT), flexible sigmoidoscopy every five years, or colonoscopy every ten years (USPSTF, 2008) . Currently only 60-65% of the eligible US population is Applied Research Network (CHARN), the median CRC screening rate was 31%, and the screening rate ranged from 10% to 67% (Baker et al., 2015) . Most screenings were by colonoscopy, despite its cost. Only one of twelve participating CHCs had most screenings done by FOBT.
The heavy reliance on colonoscopy for CRC screening is consistent with national data showing that even among individuals living in poverty and those who are uninsured, the most common CRC screening test is colonoscopy (CDC, 2013) . The overwhelming reliance on colonoscopy for CRC screening is contrary to the available evidence on the effectiveness of different CRC screening modalities. The Minnesota Colorectal Cancer Control Study randomized patients to no screening or annual guaiac-based FOBT screening (Mandel et al., 1993) . Annual FOBT screening decreased CRC mortality by 33%. In contrast, no randomized controlled trial has examined the effect of colonoscopy on mortality. A recent nested case control study followed participants from the Nurses' Health Study and the Health Professionals Follow-up Study and found that those who had screening colonoscopy had a multivariate hazard ratio for death from CRC of 0.32 compared those who did not have any form of endoscopy (Nishihara et al., 2013) . Thus, although there is evidence that colonoscopy reduces CRC mortality, there is no evidence that colonoscopy is more effective than FOBT, especially with the improved test performance characteristics of fecal immunochemical tests (FIT) compared to older guaiac-based FOBT. The USPSTF has not recommended one screening modality over another (Pignone et al., 2002; USPSTF, 2008) . When patient preferences for screening modality are formally elicited, approximately equal numbers choose colonoscopy and FOBT (Hawley et al., 2008 (Hawley et al., , 2012 DeBourcy et al., 2008) . This has led some to suggest the "best" CRC screening modality is the one the patient completes (Woolf, 2000; Sarfaty et al., 2013) .
Few previous studies have examined attitudes about CRC screening among clinicians caring for vulnerable populations (O'Malley et al., 2004; Haverkamp et al., 2011; Rim et al., 2009; Hatcher et al., 2011; Kelly et al., 2007) , and we are not aware of any study reporting on clinician attitudes and CRC screening practices within a network of CHCs. There are possible challenges to achieving high rates of CRC screening at CHCs, including knowledge and attitudes towards screening (Berkowitz et al., 2008; Jun and Oh, 2013) , inadequate time and resources to counsel patients (Yarnall et al., 2003) , and a high prevalence of patients with barriers to endoscopy (Beydoun and Beydoun, 2008) . There are also potential barriers to screening with FOBT, including the need for annual testing (Liss et al., 2013) and the need to complete diagnostic colonoscopy for those with positive results (Nadel et al., 2010) . Consequently, some clinicians may not believe that FOBT is effective for many of their patients.
We conducted this study to understand CHC clinicians' perceptions of the importance of CRC screening relative to other preventive services, perceived effectiveness of different screening modalities, patient and system-level barriers to CRC screening, quality improvement (QI) and population health management methodologies used to improve CRC screening, and QI methodologies perceived to produce the greatest improvements in CRC screening. To accomplish this, we surveyed adult medicine clinicians at CHCs that were part of CHARN.
Methods

Study setting
Twelve CHCs in the CHARN network from around the country participated in this study: 
Survey instrument
CHARN created a CRC Screening Workgroup ("workgroup") with representatives from these participating health centers to identify ways to improve CRC screening rates. In 2012, the workgroup collaboratively developed the survey instrument. Many items were adapted from previous provider surveys about CRC screening (Hoffman et al., 2011; Klabunde et al., 2003 Klabunde et al., , 2009 ). In addition, the survey included items aimed at understanding barriers and facilitators to screening within the CHC environment specifically.
The DCC created a web-based survey and corresponding data collection/tracking systems using SURVEYGEN software. The survey instrument was pilot tested by study authors and minor revisions were made to improve survey clarity and flow. The survey contained 32 items and took approximately 10 minutes to complete. The survey had five main domains: (1) perceived importance of CRC screening relative to other preventive services; (2) perceived effectiveness of different CRC screening modalities; (3) usual CRC screening practices; (4) perceived barriers to screening; and, (5) beliefs about the effectiveness of strategies to improve screening. We specified that all items referred to screening procedures to reduce CRC mortality in average-risk patients 50 years and older. Based on current USPSTF recommendations,(2008) the survey included items regarding FOBT, flexible sigmoidoscopy, and colonoscopy. For items relating to FOBT, we specified whether we were referring to FOBT (any method or test) or specifically to guaiac-based FOBT or fecal immunochemical tests (FIT).
Survey administration
All primary care clinicians (physicians, advanced practice nurses, and physician assistants) at participating CHCs who cared for adult patients age 50 and older were invited to participate. A site champion at each CHC identified eligible clinicians at their site and shared clinicians' email addresses with the CHARN DCC.
The online survey was administered in April-June 2013. Shortly following the site champion's study introduction email, automated recruitment emails were sent to all eligible clinicians. Each email contained a unique survey hyperlink to track survey completion. The survey did not ask for any identifying information. Two weeks after this initial invitation, the site champion sent a general reminder email and DCC resent recruitment emails to clinicians who had not yet responded. A final reminder was sent four weeks following initial invitation. Following a poor response to the online survey, one health center also included a paper-based survey completion option. Participants were emailed a $5 e-gift card within a week of survey completion. The CHARN DCC matched each completed survey back to each participant's CHC. The study team was blind to CHC identity.
Statistical analysis
We calculated descriptive statistics to summarize provider characteristics, beliefs about CRC screening and screening practice patterns.
Missing data ranged from 0-2% across survey items. Analyses were stratified by provider type (e.g., MD vs. other) and CHC site. All analyses were done using SAS V 9.3 (SAS Institute Inc., NC, USA).
Results
Of 376 eligible clinicians, 180 participated in the survey (response rate 47.9%). The response rate varied between 17-80% by site (AAPOR, 2011) . Participants had an average of 11.5 (SD: 9.8) years in practice, saw a mean of 58.5 (SD: 23.7) patients each week, 62% were female, and 57% were MDs.
CRC screening importance
The majority of clinicians thought CRC screening was as or more important than other preventive services. Most clinicians said CRC screening was as important as breast and cervical cancer screening (73.3% for both screenings); of the remaining 26.7%, approximately equal numbers rated CRC screening as less important or more important. Approximately half (47.7%) said CRC screening was more important than TDaP immunization, and 39.4% said it was more important than pneumococcal vaccination for patients age ≥65. Conversely, 44.3% said smoking cessation counseling was more important than CRC screening.
Self-reported rates of CRC screening recommendations
Participants reported that they recommend CRC screening to the majority of eligible patients; 63.3% said that they recommended screening to over 75% of eligible patients, and 21.7% reported advising 51-75% of eligible patients. Of note, most clinicians reported that a markedly lower percentage of their patients are actually up-to-date on CRC screening; 29.4% reported 26-50% of patients are up-to-date; 37.2% reported 51-75% are up-to-date, and; 7.2% reported greater than 75% were up-to-date. The most common screening modality recommended was colonoscopy; 37% reported they recommend colonoscopy without discussing other modalities. Table 1 shows clinicians' perceptions of each screening modality's effectiveness. The vast majority (92.7%) believed that colonoscopy is very effective. Far fewer reported FIT and flexible sigmoidoscopy as very effective (24.6% and 24.0% respectively). Less than 10% of participants reported guaiac-based FOBT as very effective, though only 12.8% reported it as not effective. Of note, 15.6% of participants responded "don't know" for FIT, far more than any other modality. When asked specifically about in-office FOBT, over one-fourth of respondents said this was a somewhat effective screening strategy. Perceptions of screening modality varied by provider type (MD vs. other provider); physicians believed guaiac-based FOBT and FIT to be more effective than other clinicians.
Perceptions of CRC screening modalities
The overwhelming majority somewhat agreed (30.2%) or strongly agreed (57.5%) that colonoscopy was the best screening test (Table 2) . This finding was consistent across all sites, and did not significantly differ by provider type. Respondents reported numerous patient-level barriers to colonoscopy. Only 15.8% strongly agreed and 32.2% somewhat agreed that colonoscopy was readily available for their patients. Lack of insurance or inadequate insurance was commonly mentioned as a barrier to colonoscopy; 75% of participants said this was sometimes or usually a barrier to screening colonoscopy and 47.2% reported this was sometimes or usually a barrier to diagnostic colonoscopy. Only 13.9% reported that a shortage of local endoscopists was sometimes or usually a barrier to screening colonoscopy.
Perceived patient knowledge and attitude barriers to CRC screening Clinicians reported that patients' knowledge and attitudes about CRC screening were often barriers (Table 3) , including patients not perceiving CRC as a serious health threat, lack of awareness of CRC screening, lack of desire to discuss CRC screening, and difficulty understanding the information clinicians present about CRC screening. However, these perceived patient barriers did not affect most clinicians' screening practices; only 8.6% said they sometimes or usually did not order a CRC screening test because they thought a patient was unlikely to complete it.
Strategies being used to facilitate CRC screening System-level supports for CRC screening were available to a minority of respondents (Table 4) . Approximately one third (36.9%) received regular quality reports on their screening rates. Patient education about CRC screening was done mostly by clinicians (96.1%). Only 44.4% of respondents said that staff conduct patient education, and 32% mail letters to patients. Most clinicians (89.2%) reported availability of health maintenance flow sheets in their electronic health record (EHR) that could be reviewed to determine patients' screening status. However, only 37.3% reported having EHR alerts to remind them that a patient being seen is due for CRC screening. Approximately one third (30.5%) reported their practice has a mechanism to offer screening without their direct involvement; the most common mechanism was distribution of FOBT kits by clinic staff.
Strategies to facilitate completion of home FOBTs
A total of 152 respondents (84.4%) said they give patients FOBTs to complete at home. Among these respondents, only 29 (19.1%) reported they had mechanisms to ensure patients returned completed FOBTs, including reminder calls (7.2%), mailed reminders (4.6%), chart reminders for next visit (8.6%), or other mechanisms (3.9%). Only 62 (40.8%) reported having a mechanism to ensure patients with positive FOBT results completed follow-up diagnostic colonoscopy; the most common mechanisms included telephone calls (23.7%), tracking or scheduling systems (21.1%), and mailed reminders (13.2%).
Perceived helpfulness of interventions
When asked about perceived helpfulness of potential interventions to improve CRC screening, the majority responded it would be somewhat or very helpful to implement an EHR alert to notify staff (93.7%) and clinicians (87.9%) of which patients need screening (Table 5) . Improving access to diagnostic colonoscopy was reported as somewhat or very helpful by 147 clinicians (84.5%). Only 57.1% said that mailing FOBTs to patients would be somewhat or very helpful.
Discussion
This study provides important information about attitudes of CHC clinicians regarding CRC screening. Respondents overwhelmingly believe that colonoscopy is the best CRC screening modality, which is consistent with previous reports across a variety of settings (Hoffman et al., 2011; Klabunde et al., 2003 Klabunde et al., , 2009 Hawley et al., 2001; Guerra et al., 2007; Levy et al., 2007; Nichols et al., 2009; Feeley et al., 2009 ). This perception among providers is probably a major reason why colonoscopy is the predominant screening modality across the U.S. and the CHARN CHC network. The reasons why clinicians hold colonoscopy in such high regard are unclear. Randomized controlled studies have shown that guaiac-based FOBT screening substantially reduces CRC mortality (Mandel et al., 1993) , while screening colonoscopy has not been studied as rigorously. It may seem intuitive that a visual inspection of the colon would be a better test than FOBT, but recent studies have shown wide variability in the quality of colonoscopy based on adenoma detection rates . In addition, FOBT has greatly improved with the introduction of FIT, which has better test characteristics than older guaiac-based tests . There is no evidence that colonoscopy is more effective than FOBT, although studies are underway. Efforts are needed to provide physicians with a more accurate picture of CRC screening options.
Clinicians' belief in colonoscopy as the gold standard is juxtaposed against the high level of access barriers to colonoscopy reported by many CHC clinicians. Unless the Affordable Care Act initiates dramatic growth in CHC patients' access to colonoscopy, substantially increasing colonoscopy use among CHC patients will be difficult. CHCs may be able to reduce colonoscopy access barriers by developing networks of gastroenterology specialists to provide free colonoscopies (including costs of biopsy pathology and polyp removal) or through creation of state or local programs to provide financial support for screening colonoscopy.
Given the reported barriers to colonoscopy, and the difficulty of overcoming these barriers for the majority of CHC patients, wider FOBT use is likely the most practical solution to improving CRC screening rates among CHC patients. However, there are multiple challenges. Most survey participants do not think FOBT is very effective, even when FIT is used. Also, over a quarter of them thought that in-office FOBT (e.g., following a rectal exam) is somewhat effective for screening, in contrast to current recommendations (Collins et al., 2005) . It is possible some clinicians think in-office FOBT is better than no screening at all for patients with barriers to other modalities. Thus, efforts are needed to educate clinicians about proper FOBT use, especially with regard to improved accuracy and convenience of FITs. Even if most clinicians still think colonoscopy is most effective, they should understand that FOBT is a reasonable alternative if preferred by the patient or if colonoscopy is unavailable. However, for screening with FOBT to reduce CRC mortality, CHCs will need to implement programs that ensure high adherence to annual FOBT and, among patients with positive tests, high rates of diagnostic colonoscopy. Currently, many clinicians do not have these programs in place.
Our findings highlight the need for CHCs to have system-level approaches to educating patients about CRC screening. In addition to reporting numerous financial barriers to screening, clinicians also report perceived patient barriers such as lack of awareness of the need for screening, and the majority lack systems to educate patients outside of provider discussions. These barriers place a large burden on CHC clinicians to educate patients about their CRC risk, the importance of screening, and available screening options. It may also be beneficial a Some of the 180 respondents did not complete one or more of these questions. The actual number of respondents is shown in parentheses.
Table 3
Perceived patient knowledge and attitude barriers to CRC screening for communities to launch educational initiatives so patients are exposed to CRC screening messages prior to clinician encounters. These initiatives may help establish CRC screening as a social norm so patients are more likely to accept clinicians' screening recommendations. In previous studies, clinicians have reported perceived patient barriers more often affect CRC screening than system-level barriers (Hoffman et al., 2011; Hawley et al., 2001; Klabunde et al., 2005) . The most commonly reported perceived patient barrier is concern regarding patient compliance or the belief that patients are unlikely to complete screening (Hawley et al., 2001; Zapka et al., 2011; Dulai et al., 2004; Sewitch et al., 2006) . Clinicians in our study claim that patient barriers do not affect practice and most believe they recommend CRC screening to the vast majority of eligible patients. However, these perceived patient barriers could subtly influence provider recommendations. For example, it may be difficult to annually motivate patients to complete FOBT if clinicians know many patients struggle to adhere to this recommendation, and when organizational supports are less than ideal.
Our study has several limitations. The response rate was 47%, and respondents could be more likely than other clinicians to believe in CRC screening's importance. We had no data on non-responders' individual characteristics, so we cannot assess how they differed from respondents. One major limitation is our inability to match respondents' estimated CRC screening adherence rates to their actual screening rates. Clinicians probably overestimate how often they offer CRC screening to patients. Finally, we did not survey patients. The perceived barriers reported by clinicians could differ substantially from the actual barriers reported by patients. However, our interest was in clinician's perceptions and how that might affect their delivery of CRC screening.
This study provides insight regarding CHC clinician perspectives on CRC screening. The twelve participating sites are geographically diverse and have unique patient populations. Additionally, inclusion of non-MD clinicians in our sample is a strength, given that CHCs are relying more on team-based care, in accordance with recommended strategies to improve overall screening rates (Klabunde et al., 2007) . It is therefore important to understand non-MD clinicians' perspectives and practice patterns.
This study has several important implications. Results highlight the need to address patient, provider, and system-level barriers to CRC screening. First, educational efforts are needed to inform CHC clinicians about the 18-33% reduction in CRC mortality that have been achieved with FOBT in randomized controlled trials (Mandel et al., 1993; Kronborg et al., 1996) , advantages of newer FITs (Vart et al., 2012; Liles et al., 2012) , and successful strategies to increase adherence to CRC screening using FIT among patients at CHCs. Second, nationwide programs are needed to help CHCs implement successful strategies to improve CRC screening, including point-of-care electronic reminders, patient reminders, outreach programs, and access to screening colonoscopy. Care management programs to navigate patients with positive FOBTs to diagnostic colonoscopy are also critical, as is funding to reduce financial barriers to both colonoscopy and pathology tests to evaluate biopsy specimens. This is an opportune time to augment efforts to improve CRC screening at CHCs given HRSA's requirement that CHCs publicly report their CRC screening rates (HRSA, 2012) and the likelihood that CRC screening will be a major QI target at many CHCs. 
